Although heat shock protein 70 (Hsp70) 
INTRODUCTION
The heat shock proteins (HSPs) are a family of proteins originally identified as being up-regulated in response to elevated temperature, but now a wide range of cellular stresses such as hypoxia, ischemia, glutamate, and heavy metals have been shown to induce HSPs. HSPs consist of a family of highly conserved proteins grouped according to their molecular size: the high molecular mass proteins (110, 90, 70-72, and 55-60 kDa) and the small HSPs, which include HSP27, ubiquitin, A-and B-crystallin.
(1) HSPs function differently at various physiological conditions. Under unstressed conditions, Hsp serve as molecular chaperone assisting in the process of protein synthesis, while in stress conditions, Hsp assist in the maintenance of cellular integrity and viability. The 70 kD family of stress proteins is one of the most extensively studied. The mechanism of protection with Hsp70 has largely been believed to be related to its chaperone functions, leading to prevention of protein malfolding and aggregation. In addition, Hsp70 can improve cell survival via antiapoptotic mechanism.
(4) Hsp70 may also alter other proteins or genes known to be involved in inflammatory response. Various studies indicate that Hsp70 has an anti-inflammatory effect as it decreases the release of inflammatory mediators.
(3) In the central nervous system, heat shock protein (Hsp) synthesis is induced in a variety of pathologic states, including cerebral ischemia, neurodegenerative disease, excitotoxin exposure and trauma. Although 70-KDa heat shock protein has been thought to protect cells by preserving tertiary protein structure and preventing protein aggregation, its neuroprotective role still remains unclear.
(4,7,8)
Imbalance between inhibitory gamma-amino-butyric acid (GABA) and excitatory glutamate neurotransmitters as well as alterations of ion channels, may be involved in pathogenesis in epilepsy. Excitotoxicity due to excessive glutaminergic transmission seems to be an important factor in pathogenesis of epilepsy. However, experiments in vivo have shown that large increases in the extracellular levels of endogenous glutamate do not necessarily induce neurodegeneration or seizures. Diabetes mellitus is associated with impairment of endogenous tissue defense mechanisms and vulnerability of tissues to various types of stress. Since long-lasting hyperglycemia causes modification of cellular proteins, it is possible that expression of molecular chaperones as Hsp may be altered during the course of diabetes.
(11,12)
One of the most widely used models for studying the pathological changes of human temporal lobe epilepsy is pilocarpine (muscarinic agonist) induced seizures in rats. Intracerebral or systemic administration of pilocarpine selectively elaborates epileptiform activity in the limbic structures accompanied by motor limbic seizures, limbic status epilepticus and widespread brain damage.
(13,14,15) Pilocarpine induced seizures were thought to be produced by muscarinic activation which enhance postsynaptic response because of potassium channel closure.
(16) In addition, changes in the anatomic organization of the temporal lobe could be attributed to pilocarpine administration. Brain lesions in the olfactory cortex, hippocampus, amygdale, and thalamus are also observed in pilocarpine model.
(17)
Therefore, the aim of this study was to evaluate the level of Hsp70 in the rat hippocampus following pilocarpine induced seizure in normoand hyperglycemic rat and its relation to glutamate and GABA level.
MATERIAL & METHODS

Animals
Forty adult male albino rats weighing 150-180 g, were utilized in this study. They were housed in cages under standard laboratory conditions (temperature 23±2 ˚C) and lightcontrolled (lights on from 7.00am to 7.00pm) They were given food and water ad libitum. All the protocols followed in this study were approved by the University Committee of Medical Ethics They were divided into two main experimental groups, 20 rats per each: -Group I: induction of seizures in normal rats; Ia: 10 control rats were injected with intraperitoneal saline. Ib: 10 rats were injected with pilocarpine for seizure induction as described below. Group II: induction of seizures in diabetic rats; 20 rats were rendered diabetic by the injection of streptozotocin, as described below. Then they were subdivided into 2 subgroups; Group II a: 10 diabetic rats were injected with intraperitoneal (ip) saline. Group II b: 10 diabetic rats were injected with ip pilocarpine 30 days after STZ administration.
Seizure induction in rats:
Rats were pretreated with i.p. injection of atropine sulphate (1mg/kg) an anticholinergic agent, 20 minutes prior to induction of seizures by cholinergic agents pilocarpine (310-320mg/kg,ip, BoheringerGermany) to abolish the undesirable peripheral cholinergic effects. Control rats were given an equal volume of saline. Rats were observed for behavioral evidence of seizures. Only rats displaying behavioral manifestation of seizures were included in the study. Behavioral seizures were scored previously by Racine (18) scale modified by Pinel and Rovner (19) 0 = immobility, 1 = facial automatisms, 2 = head myoclonus, 3 = forelimb myoclonus , 4 = rearing , 5 = falling ,6 = more than three falls, 7 = wild running, 8 = tonic-clonic seizures.
About 20% of pilocarpine treated rats died after induction of seizures. Seizures were terminated by diazepam (10 mg/kg,ip) as required depending on the response of the rat to pilocarpine injection. 6-8 h following pilocarpine administration, blood was withdrawn from abdominal aorta under ether anesthesia; brains were removed quickly, dissected for removal of the hippocampi bilaterally and frozen on dry ice. The dissected brain were weighed, homogenized and stored for further assessment.
Induction of diabetes in rats
Diabetes mellitus was induced in rats by a single intraperitoneal injection of STZ (Sigma, Germany) freshly dissolved in cold 0.1 M citrate buffer, pH 4.5 at a dose of 45 mg/kg BW.
(21) Glucose (5%) was given for two days After STZ injection.
(22)
Two days after STZ treatment, development of diabetes was confirmed by measuring blood glucose levels in blood samples taken from tail vein. Blood glucose level was estimated weekly till the end of the experimental period (one month).
(12)
Rats with non-fasting blood glucose levels of 300 mg/dl or higher were considered to be diabetic. 
Hsp70 by ELISA:
Heat shock protein 70 in rat brain extract was measured using Assay Design Stressgen Hsp70 ELISA which is quantitative sandwich immunoassay.
(24)
Sample preparation:
Approximately 0.5 cm 3 piece of hippocampus was homogenized in 1 ml of extraction buffer provided by the kit supplemented with 1 g/ml aprotinin (a protease inhibitor). After centrifugation at 21.000 g for 10 minutes, the supernatant was used to estimate protein by Lowry method One of the most commonly used derivatising agents is o-phthalaldehyde (OPA) which reacts with primary amines in the presence of a thiol and generates derivatives which are both electroactive and fluorescent. GABA and glutamate were identified by their characteristic retention times as determined by standard injections which were run at regular intervals during sample analysis. Sample peak heights were measured and compared with standard injections in order to quantify the amino acids.
Statistical analysis
Data are presented as mean + S.D. Data analysis was performed using SPSS version 10 computer software. ANOVA (F) test followed by least significant difference (LSD) was performed to compare variables between different corresponding groups. Significance was set at P<0.05.
RESULTS
Pilocarpine injection induced behavioral seizure in all rats; however, seizure severity was variable among the groups. In normo-glycemic rats, seizure score was varied from 2 to 3. However, hyperglycemic rats showed severe behavioral changes with high seizure scores 4 to 6. To end or limit behavioral seizures induced by pilocarpine, diazepam (10 mg/kg, i.p.) was administered.
Blood glucose level (BGL) was increased significantly after STZ injection in groups IIa and IIb compared to the other groups.
Hsp70 was significantly increased after induction of seizure by pilocarpine in group Ib, its level was significantly high compared to the other groups. Hyperglycemia alone was not associated with significant change in Hsp70 level in group IIa compared to control. No significant difference in Hsp70 was found between hyperglycemic rats with and without seizure induction. (Table I) (Fig.1a, b) There was no significant change in glutamate level after pilocarpine administration in group Ib. However, pilocarpine administration in hyperglycemic rats was associated with significant increase in glutamate level in group IIb compared to the other groups. Hyperglycemia alone was not associated with change in glutamate concentration in group IIa compared to control.
Similarly, GABA concentration was not changed significantly after seizure induction in group Ib compared to control. Hyperglycemic rats, on the other hand, showed significant decrease in GABA level after pilocarpine administration in group IIb compared to the control group. Hyperglycemia alone was not associated with significant change in GABA concentration in group IIa compared to control. (Table II) ( 
The protection offered by Hsp70 may be mediated by one or more of the many activities ascribed to Hsp70, including refolding denatured proteins and preventing unfolded and damaged proteins from aggregating, or by a direct anti-apoptotic and antiinflammatory mechanism.
(7)
The protection offered by Hsp70 was evidenced in this study by the occurrence of low seizure score as well as non significant changes in glutamate or GABA level.
However, Hsp70 is not protective in all instances. Fink et al.
(35) showed that Hsp70 overexpression protected cultured hippocampal neurons from severe heat shock but failed to protect against direct application of glutamate or mitochondrial toxins. Wagstaff et al.
(36)
showed that Hsp70 overexpression protected cultured peripheral neurons from thermal and stimulated ischemia, but not apoptotic stimuli. These results suggest that Hsp70 protect against some but not all kinds of central nervous system injury, and that the protective effect may be related to the nature and severity of the insults as well as the type and age of the cell.
Alteration Induction of diabetes using STZ resulted in significant modifications of cellular proteins and may be followed by structural alteration of these proteins. Therefore, the expression of molecular chaperones, which are required to maintain the integrity of protein structure, may be altered during the course of diabetes with impairment in the cytoprotective ability of diabetic rat.
(12)
The current work demonstrated significant decrease of Hsp70 expression in STZ treated rats. Exposure of diabetic rats to another stressful injury as seizure was not associated with significant increase in the expression of Hsp70. Therefore, presences of diabetes suppressed the expression of Hsp70 in the brain and make the neurons more vulnerable to injury as observed by severe attacks of seizure in hyperglycemic rats treated with pilocarpine, as well as significant alteration in NT level.
This finding was supported by several authors, who reported decreased Hsp level in animal models of diabetes, in human subjects with diabetes and in people with just insulin resistance. They attributed the development of diabetic complications to low Hsp70. Therefore, therapy has been developed which directed at raising Hsp70 to limit the development of diabetic complications.
( who reported an increase in GABA uptake, whereas glutamate uptake remained unaffected in diabetic rat retina.
The controversial observations reported by some authors on alterations in brain amino acid transport using diabetic rats may be related to the diabetic model or to the experimental approach used. Diabetes is associated with decrease in the synaptosomal transmembrane gradient and decrease in ATP. The decrease in ATP production is a hallmark of a disturbance in glucose metabolism, which could be partially balanced by the use of endogenous brain substrates, such as glutamate and fatty acids.
(50)
Synaptosomal uptake of neurotransmitters is an energydependent process that requires the integrity of membrane systems and functional mitochondria. In conclusion, the results showed that Hsp70 is increased in rat hippocampus following administration of pilocarpine and occurrence of experimental seizures which is considered stressful to the neurons, Hsp70 can induce protection of the neurons as evidenced by low seizure score and non significant alteration in glutamate and GABA level. Hyperglycemia is associated with impairment of Hsp70 expression; therefore, the neurons were more vulnerable to the damaging effect of pilocarpine as showed in severe seizure attacks and significant changes in NT level. 
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